1. Introduction {#s0005}
===============

In recent times, herbal medications have gained much popularity due to the global recognition of complementary and alternative medicine system. Plants derived natural compounds have high chemical diversity and biochemical specificity that often act more effectively than synthetic drugs ([@b0050], [@b0075]). *Oncocalyx glabratus* belongs to Loranthaceae, the largest family of flowering parasitic plants commonly known as mistletoes ([@b0035]), Mistletoes are regarded as 'cure all' medicinal plants worldwide ([@b0005]), including Saudi Arabia ([@b0055]). Phytochemical analysis of *O. glabratus* has evinced presence of flavonoids, terpenoids, steroids, tannis and reducing sugars ([@b0165]). Endorsing the traditional use *O. glabratus* in diabetic patients ([@b0105]), we have shown its hypoglycemic salutation in rodent model ([@b0015]).

The peroxisome proliferator-activated receptor (PPAR) activator isoforms, PPARα and PPARγ are known to effectively lower the levels of blood sugar and lipids, respectively ([@b0100]). In addition, PPARα and PPARγ also are reported to be involved in the anti-inflammatory actions of several nonsteroidal anti-inflammatory drugs ([@b0065], [@b0070]). Therefore, PPAR is considered as important targets towards developing effective drugs, including natural products against diabetes and associated cardiovascular disorders. In line with this, we have recently reported isolation of Oncoglabrinol C (5,3′-Dihydroxyflavan 7-4′-*O*-digallate), a new flavan derivative from *O. glabratus* that showed marked activation of both PPARα and PPARγ in cultured human liver cells ([@b0010]).

Moreover, the *in vivo* cytotoxic effect of endogenous methylglyoxal (MGO) is known to mediate via oxidative stress and apoptosis ([@b0085]). In the clinical cases of type 2 diabetes, elevation in plasma MGO is considered as one of the causative factors in hyperglycemia-associated macrovascular diseases ([@b0150]). The endothelial cells (EC), the inner linings of blood vessels play an important role in modulating cardiovascular function and homeostasis ([@b0045]). MGO has been shown to trigger hyperglycemia and apoptosis in cultured human EC, suggesting its prominent role in diabetic cardiovascular complications ([@b0030]). In line with this, we have very recently reported a new proanthocyanidin from *Rhus tripartita* that ameliorated MGO-induced apoptosis of EC *in vitro* ([@b0025]).

The cytochrome P450 family enzyme CYP3A4 is crucial in metabolizing several known drugs, xenobiotics and bioactive natural or herbal products via activation of nuclear pregnane X receptor (PXR) ([@b0020]). Owing to the herb/drug associated adverse effects or organ toxicity, a good understanding of CYP3A4 modulatory activity of a herbal product is necessary ([@b0115]). Taken together in the present study, we have extended the anti-glycemic analysis of *O. glabratus* derived Oncoglabrinol C, and assessed its *in vitro* therapeutic potential against oxidative and apoptotic damages in endothelial cells, including cytochrome 450 (CYP3A4) modulating activity in liver cells.

2. Materials and methods {#s0010}
========================

2.1. Extraction, isolation and structure elucidation of the compounds {#s0015}
---------------------------------------------------------------------

The extraction and isolation of the compound Oncoglabrinol C (C~29~H~22~O~13~) from the aerial parts of *O. Glabratus* along with structure elucidation ([Fig. 1](#f0005){ref-type="fig"}A) have been reported by us previously ([@b0010]).Fig. 1**(**A) Chemical structure of *O. glabratus* derived Oncoglabrinol C (C~29~H~22~O~13~) and (B) MTT assay showing dose-dependent cell proliferative/growth stimulatory activity of Oncoglabrinol C on cultured human endothelial cell (HUVEC). Values on Y-axis: means of three determinations.

2.2. Cell culture, reagents and drugs {#s0020}
-------------------------------------

The human primary umbilical vein endothelial cells (HUVEC 16549; Cat\# PCS-100-010; ATTCC, USA) and hepatoblastoma cells (HepG2; Cat\# HB-8065; ATTCC, USA) were maintained in DMEM-GlutMax media (Cat\# 41966-029; Gibco, USA), supplemented with bovine serum (10%; Cat\# 10270; Gibco, USA) and penicillin-streptomycin mix (×1; Cat\# 15240-062; Invitrogen,; USA) at 37 °C with 5% CO~2~ supply. For all experiments, cells (0.5 × 10^5^/well) were grown overnight in 96-well flat-bottom culture plates. Dichlorofluorescin (DCFH), the inducer of oxidative cell damage, Methylglyoxal (MGO; Cat\# M0252-25ML; Sigma-Alderich, Germany), the standard pro-apoptotic agent and Aminoguanidine (AG; Cat\# 1937-19-5; Sigma-Alderich, Germany), the anti-apoptotic drug and Rifampicin (RMP; Cat\# R3501; Sigma-Alderich, Germany), the PXR agonist were purchased.

2.3. Compounds preparations {#s0025}
---------------------------

Stock of Oncoglabrinol C was prepared by first dissolving in 50 μl dimethyl sulfoxide (DMSO; Cat\# 67-68-5; Sigma, Germany), and then in complete DMEM-GlutMax media (1 mg/ml, final). Further working concentrations (50, 20, 10, 5, and 2.5 μg/ml) were reconstituted in complete media. Similarly prepared AG (0.05 mM) ([@b0025]) and RMP (10 μM) ([@b0020]) served as positive controls whereas DCFH (CC~50~ = 50 μg/ml) and MGO (0.5 mM) ([@b0025]) acted as negative controls. DMSO (0.1%) was included as a vehicle control or untreated control.

2.4. Cell proliferation or growth stimulation assay {#s0030}
---------------------------------------------------

The cell proliferative/growth stimulatory efficacy of Oncoglabrinol C was tested on cultured HUVEC cells, using MTT assay (TACS MTT Cell Proliferation Assay Kit, Cat\# 4890-25-K; Tervigen, USA). Briefly, cells were treated with the triplicated doses of Oncoglabrinol C, including DMSO and MGO controls for 72 h. The MTT reagent (10 μl/well) was added and cells were incubated at RT for 4 h in dark, followed by treating with detergent solution (100 μl/well) after appearance of purple color. The culture was further incubated at 37 °C for 1.5 h, and the absorbance (λ = 570) was measured (Microplate reader ELx800; BioTek, USA). Data were analyzed for in relation to the untreated control, using equation \[% Cell proliferation= (*As − Ab*)/(*Ac − Ab*)x 100, where *As*, *Ab* and *Ac* represented the absorbance of sample, blank and negative control, respectively\], and presented (Excel software, Microsoft, USA). The experiment was repeated twice for reproducibility.

2.5. Cell protective assay {#s0035}
--------------------------

Assessment of cytoprotective activities of the selected doses of Oncoglabrinol C (5.0, 10.0 and 20.0 μg/ml) against DCFH and MGO induced injury was performed. In a duplicated set of HUVEC culture, the first set was co-treated with DCFH (50 μg/ml) and a dose of Oncoglabrinol C or AG (0.05 mM), including all controls in triplicate. The second set was co-treated with MGO (0.5 mM) and a dose of Oncoglabrinol C or AG (0.05 mM), including all controls in triplicate. After 2 days of incubation, MTT assay (TACS MTT Cell Proliferation Assay Kit, Tervigen, USA) was performed to determine the cell survival (%), as above. The assay was repeated twice for reproducibility.

2.6. Cellular anti-apoptotic signaling (caspase-3/7) assay {#s0040}
----------------------------------------------------------

HUVEC cells were co-treated with DCFH (50 μg/ml) or MGO (0.5 mM) and the maximally active dose of Oncoglabrinol C (20.0 μg/ml), including all controls in triplicate. On day 2 post-incubation, caspase 3/7 activity (Apo-ONE-cas3/7 Assay Kit; Cat\# G7792; Promega, USA) was measured as per the manual. Briefly, caspase-3/7 reagent was added (100 μl/well) to the cultures and mixed by gentle rocking, following incubation for \~6 hr at RT in dark. The data was analyzed in relation to the untreated control and presented. The assay was repeated twice for reproducibility.

2.7. PXR-mediated hepatic CYP3A4 activation assay {#s0045}
-------------------------------------------------

The PXR-dependent CYP3A4 activation property of Oncoglabrinol C was assessed in PXR-luciferase (pCDG-hPXR), CYP3A4-luciferase (pGL3-CYP3A4-XREM) as well as control (pRL) plasmids co-transfected HepG2 cells as described previously ([@b0020]). Briefly, 24 h post-transfection, cells were treated with two doses (10 and 20 μg; in triplicate) of Oncoglabrinol C or RMP (10 μM; positive control) or DMSO (0.1%; vehicle or negative control), and incubated for another 24 h. Cell lysates were prepared and subjected to luminescence measurement (Dual-Luciferase Reporter Assay System; Cat\# E1910; Promega, USA) and presented as fold-expression of CYP3A4 gene in relation to negative control.

2.8. Computational analysis {#s0050}
---------------------------

### 2.8.1. Preparation of ligands {#s0055}

For molecular docking, the structure of Oncoglabrinol C (ligand) was drawn on 2D SKETCHER (Schrodinger-2018, LLC, NY, USA) and optimized along with control ligands: N-\[(2S)-4-chloro-3-oxo-1-phenyl-butan-2-yl\]-4-methyl-benzenesulfonamide (TQ8); 5-fluoro-1 h-indole-2-carboxylic acid-(2-mercapto-ethyl)-amide (FICA); (2S)-2-ethoxy-3-\[4-(2-{4-\[(methylsulfonyl)oxy\] phenyl}ethoxy)phenyl\] propanoic acid (AZ242); (2S)-(4-isopropylphenyl)\[(2-methyl-3-oxo-5,7-dipropyl-2,3-dihydro-1,2-benzisoxazol-6-yl)oxy\] acetate (C01) and 3-\[(4-Methyl-1-piperazinyl)imino\]methyl- rifamycin (RMP), using LIGPREP (Schrodinger-2018, LLC, NY, USA). The bond orders and angles were assigned to Oncoglabrinol C and the 2D structure was converted to a 3D structure followed by energy minimization, using OPLS3e (Optimized potential for Liquid Simulations) forcefield. Further, EPIK (Schrodinger-2018, LLC, NY, USA) was used to generate its ionization states (pH 7.0 ± 2.0) and a maximum of 32 conformations were generated.

### 2.8.2. Preparation of cellular proteins {#s0060}

The molecular docking of Oncoglabrinol C with caspase 3, caspase 7, PPARα, PPARγ and PXR were performed using different modules of Schrodinger suite in MAESTRO interface (Schrodinger-2018, LLC, NY, USA) as described previously ([@b0140]). Briefly, the 3D coordinates of caspase 3 (PDB: 2XYG) ([@b0130]), caspase 7 (PDB: 1SHL) ([@b0080]), PPARα (PDB: 1I7G) ([@b0060]), PPARγ (PDB: 1ZEO) ([@b0155]) and PXR (PDB: 1SKX) ([@b0040]) were retrieved ([www.rcsb.org](http://www.rcsb.org){#ir005}). All four cellular proteins were pre-processed using PROTEIN PREPARATION WIZARD (Schrodinger-2018, LLC, NY, USA) by adding hydrogen atoms, assigning bond orders, and removing water molecules as well as any other heterogeneous molecules. The proteins structures were further refined by addition of any missing side-chains or loops (PRIME; Schrodinger-2018, LLC, NY, USA), and creating hydrogen bond networks (pH 7.4), followed by energy minimization (OPLS3e forcefield).

### 2.8.3. Grid generation and molecular docking {#s0065}

For docking, the grids were generated by selecting the bound ligand of each protein as the centroid of the grid box (caspase 3: 64 × 64 × 64 Å, caspase 7: 64 × 64 × 64 Å, PPARα: 72 × 72 × 72 Å, PPARγ: 72 × 72 × 72 Å and PXR: 72 × 72 × 72 Å), using GRID GENERATION TOOL (Schrodinger-2018, LLC, NY, USA). Docking of caspase, PPAR and PXR proteins with Oncoglabrinol C and control ligands were performed with extra-precision (XP) docking algorithm, using GLIDE (Schrodinger-2018, LLC, NY, USA). The ligand's docking affinity (*K*~b~) for each protein was estimated from docking energy (Δ*G*) using the relation: $\Delta G = - RT\ln K_{b}$, where *R* and *T* were Boltzmann gas constant (1.987 cal/mol/K) and temperature (298 K), respectively ([@b0135]).

2.9. Statistical analysis {#s0070}
-------------------------

All data (in triplicate) were presented as the mean ± SE and analyzed (one-way ANOVA), using SPSS software V. 25 (IBM, USA). The statistical differences between the control and treated samples were carried out using Tukey-Kramer post hoc analysis.

3. Results {#s0075}
==========

3.1. Endothelial cell proliferative activity of Oncoglabrinol C {#s0080}
---------------------------------------------------------------

Five concentrations (2.5, 5, 10, 20 and 50 μg/ml) of Oncoglabrinol C were tested for their effects on HUVEC cells viability and proliferation. Compared to the insignificant effect of 2.5 μg/ml dose, the 5 μg/ml had growth stimulation activity by \~8% ([Fig. 1](#f0005){ref-type="fig"}B). On the other hand, while the 10 μg/ml dose moderately enhanced (\~17%) the cell growth, 20 μg/ml dose showed the maximal cell proliferative activity by \~25%. However, treatment with 50 μg/ml dose did not contribute significantly ([Fig. 1](#f0005){ref-type="fig"}B).

3.2. Oncoglabrinol C protects HUVEC cells from oxidative damages {#s0085}
----------------------------------------------------------------

Based on the growth stimulatory activities, three doses (5, 10 and 20 μg/ml) of Oncoglabrinol C were further tested for cytoprotective potential against DCFH toxicity. Our MTT assay showed DCFH induced 49% cell death that was attenuated by Oncoglabrinol C treatment in a dose-dependent manner ([Fig. 2](#f0010){ref-type="fig"}A). While the 5 μg/ml dose had insignificant effect on 51% cell survival, treatment with 10 and 20 μg/ml doses of Oncoglabrinol C, protected \~57% and \~63.5% cells, respectively. Compared to these, AG protected the cell proliferation by \~72% against DCFH injury ([Fig. 2](#f0010){ref-type="fig"}A).Fig. 2The MTT assay showing cytoprotective efficacy of Oncoglabrinol C against (A) Dichlorofluorescin (DCFH) induced oxidative stress and (B) Methylglyoxal (MGO) triggered apoptosis in cultured human endothelial cells (HUVEC). Values on Y-axis: means of three determinations.

3.3. Oncoglabrinol C protects HUVEC cells from apoptotic damages {#s0090}
----------------------------------------------------------------

Oncoglabrinol C tested at 5, 10 and 20 μg/ml doses showed a dose-dependent cytoprotection against MGO induced 52% apoptosis ([Fig. 2](#f0010){ref-type="fig"}B). While the 5 μg/ml dose of Oncoglabrinol C showed insignificant effect on \~42% surviving cells, treatment with 10 and 20 μg/ml doses protected \~53% and \~65.5% cells, respectively. Comparatively, AG restored \~74% cell proliferation via attenuation of MGO ([Fig. 2](#f0010){ref-type="fig"}B).

3.4. Oncoglabrinol C downregulates cellular caspases {#s0095}
----------------------------------------------------

To further investigate the possible anti-apoptotic mechanism of Oncoglabrinol C towards HUVEC cells protection, its maximally active dose (20 μg/ml) was tested against DCFH and MGO, individually. Our data showed \~74% DCFH-induced and \~88% MGO-induced caspase 3/7 activity that were effectively downregulated to \~41% and \~44.5%, respectively by Oncoglabrinol C ([Fig. 3](#f0015){ref-type="fig"}). AG treatment suppressed caspase 3/7 to 53% and 48.5% against DCFH and MGO, respectively.Fig. 3The anti-apoptotic assay showing inhibition of Dichlorofluorescin (DCFH) and Methylglyoxal (MGO) induced cellular caspase-3/7 expressions by Oncoglabrinol C (Onco C; 20 μg/ml) in cultured human endothelial cells (HUVEC). Values on Y-axis: means of three determinations.

3.5. Oncoglabrinol C moderately activates hepatic CYP3A4 {#s0100}
--------------------------------------------------------

Our luciferase-reporter gene assay showed that Oncoglabrinol C at doses 10 and 20 μg/ml, moderately activated hepatic PXR-dependent CYP3A4 expression as compared RMP in HepG2 cells ([Fig. 4](#f0020){ref-type="fig"}). This is the first study on CYP3A4 stimulation by *O. glabratus* derived flavan derivative, suggesting its safe consumption in relation to drug metabolism.Fig. 4The luciferase-reporter gene assay showing activation of hepatic CYP3A4 by Oncoglabrinol C (Onco C; 10 and 20 μg/ml) in cultured liver cells (HepG2). Positive control: Rifampicin (RMP; 10 μM). Vehicle control: DMSO (0.1%). Values on Y-axis: means of three determinations.

3.6. *In silico* molecular interactions of Oncoglabrinol C with cellular proteins {#s0105}
---------------------------------------------------------------------------------

### 3.6.1. Interaction of caspase 3 with TQ8 (control antagonist) and Oncoglabrinol C {#s0110}

The docking of inhibitor ligand TQ8 revealed that the caspase 3-TQ8 complex was stabilized by hydrogen bonding with Arg64 and Cys163 of chain A, and Arg207 of chain B ([Fig. 5](#f0025){ref-type="fig"}A, left; [Table 1](#s0160){ref-type="sec"}). In addition, His121 of chain A and Arg207 of chain B were also involved in Pi-Pi stacking and Pi-cation interaction, respectively. The estimated docking energy and the corresponding docking affinity of TQ8 towards caspase 3 were −5.61 kcal mol^−1^ and 1.30 × 10^4^ M^−1^ respectively. Likewise, Oncoglabrinol C was found to bind at the interface of chains A and B of caspase 3 through hydrogen bonding with Thr59, Gly122, and Glu123 of chain A, and Ser205 and Arg207 of chain B ([Fig. 5](#f0025){ref-type="fig"}A right, [Table 1](#s0160){ref-type="sec"}). In addition, some polar residues (Thr62, Ser65 and Hie121 of chain A, and Asn208, Ser209 and Ser251 of chain B) also participated in the interaction. The calculated docking energy and the corresponding docking affinity of Oncoglabrinol C towards caspase 3 were −6.90 kcal mol^−1^ and 1.15 × 10^5^ M^−1^, respectively. Interestingly, some caspase 3 residues (Met61, Hie121, Gly122, Gln123, Phe128 and Cys163 of chain A, and Tyr204, Ser205, Trp206 and Arg208 of chain B) were found to interact with both TQ8 and Oncoglabrinol C.Fig. 5The *in silico* molecular docking analysis (Ligplot) showing interaction of Oncoglabrinol C with (A) control antagonist TQ8 (left) and caspase 3 (right), and (B) control antagonist FICA (left) and caspase 7 (right).

### 3.6.2. Interaction of caspase 7 with FICA (control antagonist) and Oncoglabrinol C {#s0115}

The docking of FICA with caspase 7 revealed that the caspase 7-FICA complex was stabilized by one Pi-Pi interaction with Tyr223 of chain B ([Fig. 5](#f0025){ref-type="fig"}B, left; [Table 2](#s0160){ref-type="sec"}). In addition to this, several other residues (Tyr223, Cys290 and Val292 of chain A, and Ile159, Ile183, Ile213, Pro214, Val215, Phe221, Val292, and Met294 of chain B) also participated in stabilizing caspase 7-FICA complex. The docking energy and the corresponding docking affinity of FICA towards caspase 7 were estimated to be −7.31 kcal mol^−1^ and 2.42 × 10^5^ M^−1^, respectively. Similarly, Oncoglabrinol C was found to bind at the interface of chains A and B of caspase 7 through hydrogen bonding with Thr225, Gln287, Ile288 and Cys290 of chain A, and Asn148, Ile213 and Cys290 of chain B ([Fig. 5](#f0025){ref-type="fig"}B, right; [Table 2](#s0160){ref-type="sec"}). In addition, both Tyr223 of chain A and B participated in a Pi-Pi interaction with Oncoglabrinol C. The estimated docking energy and the corresponding docking affinity of Oncoglabrinol C towards caspase 7 were −8.79 kcal mol^−1^ and 2.80 × 10^6^ M^−1^. Notably, there were some common residues of caspase 7 (Tyr223, Cys290 and Val292 of chain A, and Ile159, Ile213, Pro214, Val215, Phe221, Tyr223 and Val292 of chain B) that interacted with both FICA and Oncoglabrinol C.

### 3.6.3. Interaction of PPARα with AZ242 (control agonist) and Oncoglabrinon-C {#s0120}

AZ242 is a dihydro-cinnamate derived agonist which binds LBD of PPARα. Our molecular docking results well collaborated with the AZ242-PPARα interaction X-ray crystallographic data on hydrogen bonding with Ser280, Tyr314, Hie440 and Tyr464 ([Fig. 6](#f0030){ref-type="fig"}A, left; [Table 3](#s0160){ref-type="sec"}). In addition, other charged and polar residues (Glu251, Arg271, Gln277 and Thr279) also participated in stabilizing AZ242-PPARα complex. The estimated docking energy and the corresponding docking affinity of AZA242 towards PPARα were −10.85 kcal mol^−1^ and 9.08 × 10^7^ M^−1^, respectively. Similarly, Oncoglabiranol C was found to bind the central cavity of PPARα through hydrogen bonding with Glu286 and Tyr314 residues ([Fig. 6](#f0030){ref-type="fig"}B, right; [Table 3](#s0160){ref-type="sec"}). The residue His440 formed a Pi-Pi stacking interaction with Oncoglabiranol C while some charged and polar residues such as Asn219, Gln277, Thr279, Ser280, Glu282 and Thr283 also interact with Oncoglabrinol C. The calculated docking energy and the corresponding docking affinity of Oncoglabrinol C towards PPARα were −7.54 kcal mol^−1^ and 3.39 × 10^5^ M^−1^, respectively. Interestingly, there were some common amino acid residues (Ile272, Phe273, Cys276, Ser280, Tyr314, Ile317, Phe318, Leu321, Met330, Leu331, Val332, Ile339, Leu344, Met355, Hie440, Val444 and Leu460) that interacted with both AZ242 and Oncoglabrinol C. Notably, in the X-ray crystal structure of PPARα-AZ242 complex, Ser280, Tyr314, His440 and Tyr464 residues were shown critical for the binding of the agonist ([@b0060]).Fig. 6The *in silico* molecular docking analysis (Ligplot) showing interaction of Oncoglabrinol C with (A) control agonist AZ242 (left) and PPARα (right), and (B) control agonist C01 (left) and PPAR γ (right).

### 3.6.4. Interaction of PPARγ with C01 (control agonist) and Oncoglabrinol C {#s0125}

The docking analysis revealed that the C01-PPARγ complex was stabilized by hydrogen bonding with Ser289, Hie323, Hie449 and Tyr473 ([Fig. 6](#f0030){ref-type="fig"}B, left; [Table 4](#s0160){ref-type="sec"}). In addition, while other charged and polar residues (Gln286, Lys367 and Arg288) involved in the interaction, Phe363 formed two Pi-Pi stacked interactions with C01. The docking energy and the corresponding docking affinity of C01 towards PPARγ gamma were estimated to be −13.23 kcal mol^−1^ and 5.05 × 10^9^ M^−1^ respectively. Similarly, Oncoglabrinol C was found to bind the central cavity of PPARγ Lys263, Phe282, Ser289, Hie323 and Tyr473 residues through hydrogen bonding ([Fig. 6](#f0030){ref-type="fig"}B, right; [Table 4](#s0160){ref-type="sec"}). Also, while Tyr327 formed a Pi-Pi stacking interaction, some charged and polar residues (Arg288, Lys367, Gln283, Gln286, Ser342 and His449 also interacted with Oncoglabrinol C. The estimated docking energy and the corresponding docking affinity of Oncoglabrinol C towards PPARγ were −14.76 kcal mol^−1^ and 6.69 × 10^10^ M^−1^, respectively. Interestingly, the were some common residues of PPARγ (Ile281, Cys285, Gln286, Ser289, Hie323, Ile326, Leu330, Met334, Leu353, Met364, Hie449, Leu453, Leu465, Leu469, and Tyr473) that interacted with both C01 and Oncoglabrinol C. Notably, in the X-ray crystal structure of PPARγ-C01 complex, Ser289, His323, His449 and Tyr473 were critical for the binding of the agonist ([@b0060]).

### 3.6.5. Interaction of PXR with RMP (control agonist) and Oncoglabrinol C {#s0130}

RMP, a macrolide antibiotic is a known ligand activator of PXR. The docking nalysis revealed that the RMP-PXR complex was stabilized by hydrogen bonding with Gln285 ([Fig. 7](#f0035){ref-type="fig"}, left; [Table 5](#s0160){ref-type="sec"}). In addition, while other charged and polar residues (Lys210, Ser247, His327 and Arg410) were also involved in the RMP-PXR interaction, RMP also formed one Pi-Pi interaction with PXR His407 residue. Several other hydrophobic residues also participated in stabilizing the ligand-protein complex. The estimated docking energy and affinity of RMP towards PXR were −6.84 kcal mol^−1^ and 1.04 × 105 M^−1^, respectively. Similarly, Oncoglabrinol C was found to bind the agonist site of PXR through hydrogen bonding with Gln285 ([Fig. 7](#f0035){ref-type="fig"}, right; [Table 5](#s0160){ref-type="sec"}). While PXR residues Phe281 and Hie407 formed Pi-Pi stacking interactions, some charged and polar residues (Lys210, Ser247, Glu321 and Arg410) also interacted with Oncoglabrinol C. Several other hydrophobic residues also stabilized the complex. The estimated docking energy and affinity of the stabilized complex were −5.31 kcal mol^−1^ and 7.86 × 104 M^−1^, respectively. Interestingly, some PXR residues (Val211, Met243, Phe251, Cys284, Phe288, Trp299, Tyr306, Leu308, Met323, Leu324, Leu411, Met425, Phe429) were commonly involved in interactions with both RMP and Oncoglabrinol C.Fig. 7The *in silico* molecular docking analysis (Ligplot) showing interaction of Oncoglabrinol C with control agonist RMP (left) and PXR (right).

4. Discussion {#s0135}
=============

Isolated natural compounds often perform better than randomly synthesized drugs that originate from a limited number of parent molecules with a much lower steric complexity ([@b0050], [@b0075]). In addition, since natural active compounds have high chemical diversity and biochemical specificity, they offer great promise as potentially effective new drugs. *O. glabratus*, globally known as 'cure all' medicinal plant is also used to treat diabetic patients ([@b0105]). Recently we have experimentally validated its hypoglycemic potential in rodent model of diabetes \[8\] as well as reported isolation of a new flavan Oncoglabrinol C as a potent activator of PPARα and PPARγ in liver cells ([@b0010]). Moreover, in hypergycemic conditions, elevated level of MGO is known to induce oxidative stress and apoptosis of EC and associated macrovascular diseases ([@b0150], [@b0030]). In the present study, we have therefore, assessed the *in vitro* anti-oxidative and anti-apoptotic potential of Oncoglabrinol C in human endothelial cells.

The cellular reactive oxygen species (ROS) are the highly toxic products of redox reactions of endogenous or exogenous sources ([@b0110]) The accumulating excess of cellular ROS can damage lipids, proteins or nucleic acids, and inhibit their normal growth and function and promote tissue damages. In experimental settings, DCFH is generally used to estimate *in vitro* free-radicals induced oxidative stress through the oxidation of DCFH into the fluorescent DCF ([@b0145]). We therefore, used DCFH to induce oxidative cytotoxicity in HUVEC cells and assessed the anti-oxidative activity of different concentrations of Oncoglabrinol C. Our data showed a dose-depend salutation of Oncoglabrinol C where the 10 and 20 μg/ml doses protected \~57% and \~63.5% cells, respectively through attenuating DCFH triggered ROS. Further, owing to the diabetic cardiovascular complications, we assessed Oncoglabrinol C activity toward reversing the MGO induced HUVEC apoptosis. Of the tested doses, 10 and 20 μg/ml of Oncoglabrinol C effectively protected \~53% and \~65.5% cells, respectively via amelioration of MGO associated cell damage.

Cellular caspases are a class of cysteine-aspartate proteases that play crucial roles in maintaining cellular homeostasis by via apoptosis and inflammation ([@b0090]). On stimulation, pro-caspases are activated by dimerization/oligomerization following cleavage into a small and a large sub-unit that interact with each other to form an active heterodimer caspase with two active sites located in close proximity to the dimer interface ([@b0160]). Therefore, the inhibition of caspases presents a promising therapeutic intervention in apoptotic cell and tissue damage in acute and chronic diseases. In order to have an insight into the possible molecular mechanism involved in anti-oxidative and anti-apoptotic salutations of the most active dose (20 μg/ml) of Oncoglabrinol C, we therefore, measured the caspase 3/7 expressions in DFCH or MGO treated HUVEC cells. Our data showed that Oncoglabrinol C effectively downregulated caspase 3/7 activity to \~41% and \~44.5% in DCFH and MGO injured cells, respectively. This was in line with our previous observation on *R. tripartita* derived Rhuspartin, a new proanthocyanidin that ameliorated MGO-induced apoptosis of HUVEC cells ([@b0025]). To further strengthen our *in vitro* observation, we carried out *in silico* molecular docking of Oncoglabrinol C with caspase 3 and 7 along with their antagonistic ligand controls TQ8 and FICA, respectively. Alike TQ8, Oncoglabrinol C strongly interacted with caspase 3 chain A (Met61, Hie121, Gly122, Gln123, Phe128 and Cys163) and chain B (Tyr204, Ser205, Trp206 and Arg208) residues through hydrogen bonding. Similarly, like FICA, Oncoglabrinol C also made a stable complex with caspase 7 chain A (Tyr223, Cys290 and Val292) and chain B (Ile159, Ile213, Pro214, Val215, Phe221, Tyr223 and Val292) residues through hydrogen bonding. In addition, some other residues were also involved in Pi-Pi and Pi-cation interactions to further stabilize the Oncoglabrinol C and caspase 3 and 7 complexes.

PPARα and PPARγ, the ligand-activated transcription factors regulate energy metabolism, glucose homeostasis, cell proliferation as well as tissue inflammation ([@b0100], [@b0095]). The 3D structure of PPAR consists of five distinguished regions/domains namely N-terminal region, DNA-binding domain (DBD), flexible hinge region, ligand binding domain (LBD) and C-terminal region. It is reported that the function of PPAR is controlled by the specific conformation of LBD, which in turn can be induced by the binding of its natural ligand and various agonists and antagonists ([@b0170]). We have recently shown marked hypoglycemic activity of Oncoglabrinol C through PPARα and PPARγ activations in cultured liver cells ([@b0010]). To further support this *in vitro* observation, we also docked Oncoglabrinol C with PPARα and PPARγ along with their agonistic controls AZ242 and C01, respectively. In line with the control ligands, Oncoglabrinol C showed strong interactions with the LBD residues of both PPARα and PPARγ through hydrogen bonding. Notably, there were some common residues of PPAR that participated in both control ligands and Oncoglabrinol C interactions.

PXR up-regulates the expression of CYP3A4, which metabolizes more than 50% of drugs in response to xenobiotics ([@b0125], [@b0020]). Since medicinal herbs or natural products are often orally consumed, their high phytoconstituents contents may potentially affect the CYP3A4 activity leading to herb/drug non-response or organ toxicity ([@b0115]). In this report therefore, we also tested PXR-dependent CYP3A4 activation potential of Oncoglabrinol C using reporter gene assay. Our data revealed that Oncoglabrinol C moderately activated CYP3A4 in cultured liver cells, suggesting its safe consumption in relation to drug metabolism and efficacy. To support this *in vitro* observation, docking of Oncoglabrinol C with PXR along with its agonistic controls RMP was performed. Oncoglabrinol C showed strong interactions with the agonist site of PXR through hydrogen bonding. Notably, there were some common residues of PXR that participated in RMP and Oncoglabrinol C interactions.

5. Conclusions {#s0140}
==============

Our findings demonstrated *in vitro* therapeutic salutation of Oncoglabrinol C, a novel flavan derivative from *O. glabratus* in the reversal of DCFH and MGO induced oxidative stress apoptosis in endothelial cells though downregulation of caspase 3/7 activity. This was further endorsed by *in silico* docking that showed strong interaction of Oncoglabrinol C with cellular caspase 3/7 and PPARα/γ proteins, indicating its antagonistic (anti-apoptotic) and agonistic (pro-hypoglycemic) activity, respectively.

This is consistent with the multiple known mechanisms involved in oxidative cell damaging and apoptosis. Also, this is the first report on hepatic CYP3A4 activation by *O. glabratus* derived Oncoglabrinol C, suggesting its efficacy and safe consumption. Nonetheless, this warrants further evaluations of chemically related natural compounds towards developing effective drugs against diabetes associated cardiovascular disorders.
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